INTRODUCTION
The unparalleled success of synthetic organic chemistry 1 is directly related to the predictable chemical reactivity that is associated with well-known functional groups such as aldehydes, esters, and amines, etc. The targeted assembly of desired solid-state architectures 2 or of multicomponent crystals with pre-determined stoichiometry and metrics 3 similarly requires detailed information about the structural preferences and patterns of behavior that can be expected from specific chemical functionalities. 4, 5 Consequently, in order to advance crystal engineering to a higher level of complexity, the structural chemistry of key functional groups such as acids (R (8) motif), 6, 7, 8 amides (C(4)R (8) motifs) 7, 9 and phenols (C(2) chains) 10 have been systematically examined and subsequently established to such an extent that confident predictions can be made as to how such entities are likely to self-assemble in the solid-state (Scheme 1). Oximes are well known, 11, 12 easily accessible 12 and ubiquitous in both research laboratories and in large-scale production, 13, 14 and studies focusing on the structural aspects of some oximes have been presented. Hydrogen-bond patterns in crystalline oximes have been analyzed by Bertolasi et. al., 15 followed by a systematic examination of hydrogen-bonding in aromatic and aliphatic oximes by Bruton et. al. 16 More recently, a review by Low et. al. examined hydrogen-bonding patterns in aldoximes, ketoximes, and O-alkylated ketoximes, with and without competing acceptors (other acceptors than the oxime nitrogen atom). 17 This study outlined the different hydrogen-bonding motifs present, and the effect of competing acceptors on the assembly of these motifs for aldoximes and ketoximes. However, a systematic, side-by-side, investigation of the structural chemistry of the most common and important members of the oxime family, has not yet been presented.
Oximes have the general formula RR'C=N-OH (Scheme 2), and since they can act as both a weak acid (pK a ≈ 11) and a weak base (pK b ≈ 12), the oxime anions tend to be ambident in nature and thus, can be used for the synthesis of different compounds such as oxime ethers 14 or nitrones.
14 They have also been used in the characterization, purification and protection of functionalities such as aldehydes and ketones. The melting point for three individual crystallites of 5 was determined, for which we have reported a single-crystal structure, and it consistently came out to be 127 -130 ºC.
CSD search
Oxime … oxime intermolecular interactions were mined from data in the CSD using four different searches (Scheme 6). Search 1 in the CSD on the four major types of oximes (R' = -H, - or a Bruker Kappa APEX II system with Mo radiation (3) at 120 K using APEX2 software. 27 An Oxford Cryostream 700 low-temperature device was used to control temperature. Initial cell constants were found by small widely separated "matrix" runs. Data collection strategies were determined using COSMO. 28 Scan speeds and scan widths were chosen based on scattering power and peak rocking curves. Unit cell constants and orientation matrices were improved by least-squares refinement of reflections thresholded from the entire dataset. Integrations were performed with SAINT, 29 using these improved unit cells as a starting point. Precise unit cell constants were calculated in SAINT from the final merged datasets. Lorenz and polarization corrections were applied. Where appropriate, absorption corrections were applied using SADABS. 30 Datasets were reduced with SHELXTL. 31 The structures were solved by direct methods without incident. Unless noted below, the hydrogen atoms were assigned to idealized positions and were allowed to ride. Isotropic thermal parameters for the hydrogen atoms were constrained to be 1.2x that of the connected atom (1.5x that of the connected atom for -CH 3 groups). The coordinates for the oxime hydrogen atom H17 were allowed to refine for 1 and 2.
In case of 3 and 4, the asymmetric unit contains two oxime molecules, and the coordinates for the oxime hydrogen atoms H17 and H27 were allowed to refine. In case of 5, the coordinates for the amine hydrogen atoms H22A and H22B, and for the oxime hydrogen atom H23 were allowed to refine. The molecule crystallizes in the noncentrosymmetric space group P2 1 , where the choice of the correct absolute configuration was confirmed by a Flack parameter of 0.038(9).
The coordinates for the unique oxime hydrogen atom H17 were allowed to refine for 6, where the molecule sits on a crystallographic inversion center.
Molecular electrostatic potential calculations
Charge calculations were performed using Spartan'04 (Wavefunction, Inc. Irvine, CA). All molecules were geometry optimized using DFT B3LYP/6-31+G* ab initio calculations, with the maxima and minima in the electrostatic potential surface (0.002 e au -1 iso-surface) determined using a positive point charge in vacuum as a probe. Table 2) .
Another notable observation for 3 and 4, is the presence of a pseudo two-fold rotation axis that relates the two asymmetric units. 
DISCUSSION
Six oximes have been synthesized and structurally characterized by single crystal X-ray diffraction to complement the existing data in the CSD in order to examine the structural chemistry of the four most common oximes in the solid state. Further, to fully understand the electronic or structural effects of the substituents (R') on the structures, the oximes can be grouped into four categories based on the specific structure-directing interactions present (Table   3) . The greater number of dimers in the case of oximes can however be explained on the basis of three components of the 'kinetic chelate effect'; 32, 33 (i) the increased effective concentration of the tethered oxime moiety in dimers when compared to the second hydrogen-bonding molecule in catemers, (ii) the ease with which the tethered moiety can rotate and hydrogen-bond to form dimers, in comparison to the required second effective collision in catemers, and (iii) the lower rate of dissociation in dimers because, even if one hydrogen-bond breaks, a second one is still holding the moiety in place and consequently, they can quickly rejoin.
In such a case we would expect to predominantly see R ( hinder the formation of dimers, and thus increase the propensity for the formation of C (3) catemers, as seen in aldoximes and amidoximes.
In the case of ketoximes, there are two hydrogen-bond acceptors, the oxime nitrogen atom (-137 kJ/mol) and the oxime oxygen atom (-117 kJ/mol), of which the former is the better hydrogen-bond acceptor, as it has the higher charge ( Figure 11 ). The presence of only one hydrogen-bond donor, the -O-H moiety (+ 250 kJ/mol), coupled with the absence of any interfering substituents on the oxime moiety, directs the ketoximes preferentially towards the formation of R (6) dimers (87%) in the solid-state. Cyano-oximes do not form any dimers or catemers, and this can again be rationalized using the MEPs (Figure 12 ). There are three potential hydrogen-bond acceptors in the case of the cyanooxime moiety, with the nitrile nitrogen atom being the best acceptor, as it has the highest charge (-166 kJ/mol). Since there is only one hydrogen-bond donor, the -O-H moiety (+ 297 kJ/mol),
we expect the primary electrostatic interaction to be the hydrogen bond between the -O-H moiety and the nitrile nitrogen atom, which is the case for cyano-oximes (100%). This observation is consistent with earlier studies on nitriles based on pK HB , wherein the nitrile moiety has been shown to be a competent hydrogen-bond acceptor. aakeroy@ksu.edu
